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Introduction
Major depressive disorder is a serious health problem. Estimations by the World Health Organization suggest that it will be the second ranking cause of disability by 2020, after cardiovascular disease. 1 Lifetime prevalence for this mood disorder is estimated up to 25%. 2, 3 If not treated, major depressive disorder has a marked impact on quality of life and use of health care services. [4] [5] [6] Hence, detection of major depressive disorder is important to improve the patient's prognosis and reduce health care consumption. 7, 8 clinicians. Estimates of undetected and therefore untreated depressive disorder are reported >50%, depending on the studied patient population. 5, [9] [10] [11] [12] Many instruments are available, designed to screen for major depressive disorder in individual patients. [13] [14] [15] [16] However, the majority of these instruments are questionnaires that have to be filled in by the patients themselves, thus requiring an active and relative time-consuming strategy to detect primary care patients at high risk of depression.
We aimed to develop a clinical prediction rule to enable primary care physicians to better identify (adult) patients at high risk of major depressive disorder (who may need a more comprehensive diagnostic workup), with minimal involvement of the patients. Hence, we required that the tool can easily be incorporated into the daily routine of the GP. Consequently, the predictors in the clinical prediction rule had to be comprised of patient characteristics or information that will be directly available to the GP.
Methods

Design
This study is part of the international PREDICT study that is set in The Netherlands. 17 In brief, PREDICT is a large prospective cohort study in six European countries, the aim of which is to develop a multifactor risk algorithm for the onset of major depression over 12 months in primary care. 18 This study uses the Dutch patients who were included in PREDICT (PRE-DICT-NL). In The Netherlands, patients were recruited from seven general practices in the city of Utrecht and surrounding areas. Patients aged >18 who visited the GP were asked to participate in the study while waiting to see their doctor, irrespective of their reasons for consulting the GP. Patients willing to participate were asked to complete the baseline questionnaire and sign the informed consent form within 2 weeks. If necessary, a first reminder was sent after 2 weeks, and a second one after 4 weeks. Participants who did not respond to the second reminder were considered non-responders. The study was approved by the Medical Ethics committee of the universities of participating countries and for The Netherlands part by the University Medical Center Utrecht.
The baseline questionnaire was primarily used for the main PREDICT study to collect information on candidate predictors of the patients' prognosis and included questions about demographics, health, lifestyle and several psychological measurements. After the informed consent and baseline questionnaire were returned, an appointment was made to conduct the Composite International Diagnostic Interview (CIDI). The CIDI was administered separately from the questionnaire. Information regarding health and health care consumption (e.g. consultation rate), however, was extracted from patients medical database, as this was considered a more reliable source.
In total, 3089 patients were asked to take part in the PREDICT-NL study, 75 were excluded because of problems understanding the Dutch language, 5 because of dementia, 2 because of psychosis and 1 because of mental retardation. Of the 3006 eligible patients, 1338 (44.5%) participated in the PREDICT-NL study. Reasons for not participating were mostly lack of time and no interest in the study. Since in the elderly, different factors (e.g. cognitive dysfunctioning and functional limitations) may predict the presence or absence of depression as compared to patients at younger age, we included patients aged 18-65 years (n = 1046) in the present analysis.
Diagnosis of major depressive disorder
The diagnosis of major depressive disorder at the baseline visit was assessed in all patients according to Diagnostic and Statistical Manual of Mental Disorders, Fourth Text Revision edition (DSM-IV) criteria 19 using the depression section of the CIDI. 20 The CIDI is a structured interview that is administered by trained researchers; it was conducted at the general practice. If the participant was unable to schedule the interview at the general practice, the interview was done by telephone (26% of the interviews) to obtain as complete as possible outcome information. Previous studies showed that telephone interviews are valid for clinical assessment of depression. 3, 21 The depression section of the CIDI was used to establish whether the patient had suffered a major depressive disorder over the past 6 months.
The interviewers were unaware of the values of the diagnostic predictors under study (see below) and the GPs were unaware of the diagnosis according to the CIDI.
Predictors for the presence of major depressive disorder We a priori selected candidate predictors for the presence of major depressive disorder based on the literature and clinical reasoning. These predictors were collected for each patient with the baseline questionnaire and the medical records of the GPs. Dutch GPs register all contacts, diagnoses and interventions in an automated database using the International Classification of Primary Care (ICPC). 22, 23 The predictors were divided into two main categories: the first category included easily obtainable predictors that require no sensitive, depression-related questions during the consultation. These predictors were mainly obtained from the GP's automated database. The second category included predictors that are known risk factors for, and therefore more explicitly related to, major depressive disorder. The first category of predictors included the following: (i) gender;
Family Practice-an international journal (ii) age; (iii) educational level; (iv) being single; 24, 25 (v) number of presenting complaints at the consult when recruitment took place (inclusion consult); 26, 27 (vi) assignment of a complaint (ICPC code levels <70) versus a diagnosis (ICPC code levels >70) at inclusion consult; 4 (vii) assignment of non-somatic complaint or diagnosis at inclusion consult [ICPC code in chapter A (general), Z (social) or P (psychological) versus any other ICPC chapters, with exclusion of the depression codes P03 and P76] 4 ; (viii) consultation rate (number of consults in the previous 12 months) 26 ; (ix) assignment of an ICPC code for depression or depressive complaints (i.e. P03 or P76) in the previous 12 months and (x) prescription of antidepressants in the previous 12 months.
The second category of predictors included the number of life events in the previous 6 months 28, 29 and lifetime history of depression beyond the previous 6 months assessed with the two lifetime questions of the CIDI, i.e. depressed mood and loss of interest for a >2-week period, ever. 28 Age and consultation rate were analysed as continuous variables. We verified whether these predictors were linearly associated with the outcome, using restricted cubic splines. 30 Educational level was dichotomized into no or primary education only versus secondary and higher education. The number of complaints presented to the GP at the inclusion consult was categorized into 1, 2 and >3 health complaints as only 5.5% of the patients reported three or more complaints. The number of life events was categorized into 0, 1, 2 and >3 events since only a small number of patients (8%) reported more than three life events.
Data analysis
The overall percentage of missing values was 5.9%. Missing data rarely occur at random and a complete case analysis (deletion of all patients with one or more missing values) leads to loss of statistical power and to biased results. We therefore used multiple imputation to address the missing values, including missing values of the outcome. [31] [32] [33] Univariable associations between the candidate predictors and the presence of major depressive disorder (yes/no) were estimated with logistic regression analysis. No selection was made based on these estimations since selection of predictors based on univariable statistics may result in unstable prediction models. 30, 34 Selection of predictors was performed in two steps with backward stepwise selection in multivariable logistic regression models. First, the most important predictors of the easily obtainable candidate predictors were selected with age and gender always retained in the model (Model 1). Second, the three known risk factors (number of life events in the previous 6 months, lifetime depressed mood and lifetime loss of interest) were added to Model 1 to quantify the added diagnostic value (Model 2). Backwards selection was based on Akaike's Information Criterium, 35 which is similar to a selection based on a P-value of 0.157 if the predictor is modelled with one regression coefficient.
The ability to discriminate between patients with and without a major depressive disorder was studied with the concordance-statistic (c-statistic), i.e. the area under the Receiver Operating Characteristic curve. Calibration, which is the agreement between the observed proportions of major depressive disorder and the predicted risks, was studied with a calibration plot. 30, 36 Prediction models derived with multivariable regression analysis are known for overestimated regression coefficients, which results in too extreme predictions when applied in new patients. 30 ,37 Therefore, we (internally) validated our models with bootstrapping techniques where in each bootstrap sample the entire modelling process was repeated. This yielded a shrinkage factor for the regression coefficients. 30 The bootstrap procedure was also used to estimate a value of the c-statistic that was corrected for optimism. The corrected c-statistic may be considered as an estimate of discriminative ability that is expected in future patients.
To construct an easy to use clinical prediction rule, the shrunken regression coefficients of the predictors in Model 1 and Model 2 were transformed into points by multiplying by 10. Coefficients for categorized predictors were then rounded. Coefficients for continuous variables were first multiplied with the variable value and then rounded. The total scores were linked to the risk of major depressive disorder. The analyses were performed with SPSS 14 (SPSS Inc., Chicago, IL) and S-plus 6.2 (Insightful Corp., Seattle, WA).
Results
The mean age of the 1046 patients was 45 years (SD = 13, range 18-65 years) and 673 (64%) were female ( Table 1) . The majority of patients (n = 829, 79%) consulted the GP for one complaint. In 378 patients (36%), the GP did not assign a diagnosis (ICPC coding below level 70). The median consultation rate in the past 12 months was 8 (interquartile range: 5-15). One hundred and eleven (11%) patients had a nonsomatic diagnosis or complaint (ICPC chapters P, Z or A). Major depressive disorder according to DSM-IV criteria was diagnosed in 157 patients (prevalence or a priori risk of 15%).
Female gender was univariably associated with a higher risk of having major depressive disorder (Table 2 ). Other variables that were univariably associated with a high risk of major depressive disorder were younger age, low educational level, being single, more than one presenting complaints, non-somatic diagnosis or complaint, higher consultation rate, depression code (P03 or P76) in past 12 months, prescription of antidepressants in past 12 months, one or more life events in the preceding 6 months and lifetime history of depression (Table 2) .
Multivariable regression analysis showed that all easily obtainable predictors-except complaint versus diagnosis-remained in the model (Model 1, Table 3 ). The c-statistic of the model was 0.71 (95% CI: 0.67-0.76). Model extension with the three additional predictors-number of life events in the previous 6 months and the two lifetime questions on history of depression-increased the discriminative ability of the model to a c-statistic of 0.80 (95% CI: 0.76-0.83) (Model 2, Table 3 ). The effect of gender was retained in the model, even though the odds ratio was reduced to nearly 1 (Model 2, Table 3) . Figures 1 and 2 show the agreement between the predicted risks estimated with Model 1 and 2, respectively, and the observed proportions of major depressive disorder. Predicted risks around 25% of Model 1 were underestimated where predicted risks of >55% were overestimated. Model 2 clearly showed better calibration, with some discrepancy between predicted and observed risk in the high range of predicted risks (>50%). This is largely due to the low number of patients in these groups. Figures 3 and 4 show the score chart derived from Models 1 and 2, respectively (Table 3) , that can be used as a clinical prediction rules. The regression coefficient for gender in Model 2 was close to zero (0.01). Therefore, gender was not included in the score chart. The lower part of Figures 3  and 4 show predicted risks and observed proportions for ranges of total scores. As with the calibration plots, some discrepancies between predicted risks and observed proportions were observed, especially in higher predicted risk categories, where the number of patients is low. An example of the use of the clinical prediction rules is given in the legend.
Discussion
We developed a two-step clinical prediction rule to predict the likelihood of presence of major depressive disorder in primary care patients. The first step was to develop a model with easily obtainable predictors (Model 1, Table 3 ) that could be used by the GP without asking for specific, sensitive questions with reference to major depressive disorder. This was done because GPs may be reluctant to ask specific depression-related questions, particularly if patients present with somatic complaints. In addition, patients may be reluctant to answer such questions. This first model was then extended by inclusion of three known risk factors that are more explicitly related to major depressive disorder (Model 2). This extension clearly improved the discriminative ability and calibration of the model. The use of both models is facilitated by a simple to use score chart (Figs 3 and 4) . Although the model requires use of >10 parameters, the majority of predictors can simply be derived from the (often electronic) medical files in primary care practices, without having to question the patient. The applicability of the two-step clinical prediction rule can obviously be improved by incorporating it (notably the first model) as an automatic tool (calculator) in the electronic patient medical record. During the consultation, the programme could 'warn' GPs if a patient is at an elevated risk of major depressive disorder.
Since adding the three extra predictors in Model 2 substantially improved the discrimination, we advocate a two-step approach to select patients in primary care practice who can benefit from diagnostic workup. Model 1 can be used as a first selection tool to distinguish patients with lower predicted risk from patients with higher predicted risk of major depressive disorder. The use of Model 1 can be facilitated by a computer programme (using data from the most recent Family Practice-an international journal consultation for the 'inclusion consult') to calculate the predicted risk and alert the GP to patients at relatively high risk during the consult. The doctor might only ask questions related to major depressive disorder that are included in Model 2 when the predicted risk of Model 1 is sufficiently high. For example, a female patient (two points), aged 25 (five points), with primary education only (four points) and single (four points) consults the GP. The patient presents with three health complaints (seven points), all somatic (zero points). This consultation is the second in the past 12 months (one point) and the visits did not result in an ICPC code for depression (zero points) or in prescriptions for antidepressants (zero points). As a consequence, this patient receives a total score of 23 that relates to a predicted risk of 30% (Fig. 3) . For this patient, it seems reasonable to ask the additional questions of Model 2. We need to define threshold values for 'high risk of major depressive disorder', in order to apply the two models. Ideally, such threshold values are assessed in formal decision analyses that weigh benefits and harms of further diagnostic workup. Since these analyses are currently lacking, we propose a low threshold of >11 for Model 1. Using this threshold, 66% of the patients with major depressive disorder will be asked the additional questions of Model 2. For Model 2, we would recommend a threshold of >21 as an indicator for a further diagnostic workup. This would result in a diagnostic workup for most of the patients with major depressive disorder (n = 107; 68%). We report the risk for several total score categories of both models to enable GPs to choose their desired threshold of risk of major depressive disorder.
Strong predictors (variables with high odds ratios) in Model 1 were the assignment of an ICPC code for depression or depressive complaint in the past 12 months and prescription of antidepressants in the past 12 months. The number of presented health complaints and assignment of a non-somatic diagnosis or complaint at the inclusion consult were also strong predictors. These results are consistent with other studies. 25, 26, 28 It may seem odd to include the predictors 'depression or depressive complaint in the last 12 months' and 'prescription of antidepressants in the last 12 months' for the detection of major depressive disorder. However, a diagnosis of major depressive disorder by GPs is usually not assessed with reference tests such as the CIDI and therefore not the same as the diagnosis of major depressive disorder assessed in our study. Further, antidepressants may be used for other conditions (i.e. anxiety, obsessive-compulsive disorder and dysthymia) than major depressive disorder.
Three or more life events increased the risk for major depressive disorder dramatically. Life events are a known risk factor for major depressive Family Practice-an international journal disorder. 11, 24, 25 The clear distinction in risk between one or two versus three or more life events was unexpected, though it has been reported that a high number of life events is associated with persistence of major depressive disorder. 38 Gender was predictive in Model 1 but had no predictive value anymore in Model 2. This is due to the association between the gender and the extra three predictors that were included in Model 2, which in fact took over the predictive ability of gender. Women had experienced life events more often and responded positively more often on the CIDI lifetime questions.
The question may arise whether our models were similar if patients who were already diagnosed by their GP for depression were excluded from the analysis. An additional analysis excluding patients with ICPC depression codes P03 or P76 showed similar results (analysis not shown). The selected predictors were the same-except for the ICPC depression codes that were excluded in this analysis-and yielded similar regression coefficients. We specifically chose to include patients with recognized or treated depression since the degree of recognition might vary across GPs.
To our knowledge, this is the first attempt to develop and internally validate a simple rule for GPs to determine the risk of major depressive disorder in individual patients, with a minimal need for depressionrelated questions. A strength of this study is the inclusion of consecutive primary care patients, irrespective of their presented symptoms or signs. No bias was introduced due to selection, as the reference test was applied in all patients.
Our study has some limitations. First, the nonresponse rate for our study was relatively high. Compared to responders, however, we found very minor differences in distributions of gender and age. Since other predictors could not be collected in the non-response groups, we can only assume that both groups were largely similar with respect to the other characteristics. Furthermore, the prevalence of major FIGURE 3 Score chart based on Model 1 to calculate the predicted risk of major depressive disorder for an individual primary care patient. The upper part shows the points corresponding to each predictor value. For the continuous predictors not all values are given. The correct number of points for age can be found by rounding downwards to a value in the chart. The correct number of points for consultation rate can be found by rounding upwards to a value in the chart. The points are summed up into a score. The corresponding risk for major depressive disorder can be found for ranges of scores in the lower part of Figure 2 in the column 'predicted risk'. For comparison, the observed percentage of patients with major depressive disorder is shown in the column 'observed proportions' depressive disorder in this study was relatively high. This may suggest that patients with mood problems were more willing to participate and may have resulted in an overestimation of the predicted risk of major depressive disorder. The low response rate and high prevalence could indeed be indications of some bias in the inclusion of patients. Consequently, we stress that external validation of our prediction rule, as is always the case with developed rules, is needed to study the generalizability of our models. Second, some predictors in Model 1 may currently not be available on GP records. For example in the UK, the information on single status and education is not available. GPs should first have this information, FIGURE 4 Score chart based on Model 2 to calculate the predicted risk of major depressive disorder for an individual primary care patient. The upper part shows the points corresponding to each predictor value. For the continuous predictors not all values are given. The correct number of points for age can be found by rounding downwards to a value in the chart. The correct number of points for consultation rate can be found by rounding upwards to a value in the chart. The points are summed up into a score. The corresponding risk for major depressive disorder can be found for ranges of scores in the lower part of Figure 3 in the column 'predicted risk'. For comparison, the observed percentage of patients with major depressive disorder is shown in the column 'observed proportions'. To illustrate the use of the score chart: a patient, aged 27 (four points), with a high education (zero points) and single (two points) consults the GP. The patient presents three separate health complaints (seven points), all somatic (zero points). This consultation is the 3rd in the past 12 months (two points). The medical database shows that the patient did not receive a depression code in the prior consultations (zero points) and no antidepressive medication was prescribed in the previous 12 months (zero points). The GP further enquires about recent life events (three life events, 13 points) and asks whether the patient has ever had depressed feelings for >14 days (yes, five points) or loss of interest (no, zero points). The score is 33, which relates to a predicted risk of major depressive disorder of 52% (Figure 4 , lower part)
Family Practice-an international journal before the model can be automatically applied. Third, the clinical prediction rule was explicitly developed on data of adult patients aged 18-65. Older patients were excluded; the prediction rule may not be valid for these patients.
In conclusion, we have developed a clinical prediction rule to detect major depressive disorder in adult primary care patients. The two score charts were internally validated with a bootstrapping technique. External validation, including prospective testing, is required before the models can be applied in other general practices. If proved to be generalizable, the prediction rules can be used to detect primary care patients for a workup to diagnose major depressive disorder. Early detection of major depressive disorder, provided it is followed by adequate treatment and follow-up, may improve the long-term prognoses for these patients.
